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Abstract 
Total Factor Productivity (TFP) electricity consumption efficiency was calculated in this article based on Data 
Envelopment Analysis (DEA) method by panel data of 4 districts from 2001 to 2007, and related influencing factors 
were econometrically tested to explain the difference of electricity consumption efficiency of different districts. 
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1. Introduction 
China has become the second largest energy consumption country in the world for its fast developing 
pace over the last decade. However, the energy consumption efficiency is comparatively low which 
dramatically led to the great amount of energy consuming in China. China has raised the point of building 
an economized society and thus has proposed to both accumulatively reduce the Gross Domestic Product 
(GDP) energy consumption level and GDP CO2 emitting level of the next five years down to 16% in the 
China National 12th Five-Year Plan, which brought higher standards as to how we can control the energy 
consumption amounts as well as keep GDP grow at the same time. Under such circumstances, the key 
point is to improve the energy consumption efficiency. 
The supply and demand scale of energy, of which coal and petroleum in particular, is significantly 
underestimated. Comparatively, the data of electricity consumption is much more precise which is 
directly read by computer. Because electricity consumption accounts for a large part in total energy 
consumption in China, economic growth is a decisive factor of electricity demand and the elasticity 
estimate of electricity demand is very similar with it of energy demand [1], it is concluded that choosing 
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electricity demand as a variables will be better reflecting the relationship between energy consumption 
and economic growth. To this day there have been many researches focusing on the relationship between 
energy consumption and economic growth. There has been a long-term and balanced relationship among 
GDP, capital, human capital and electricity consumption [2]. Reference [3] shows that the factors which 
influence district energy efficiency difference are industrial structure, GDP per capita, energy 
consumption structure as well as its geographical location. The Total Factor Productivity (TFP) electricity 
consuming efficiency of different districts in China and the relationship between electricity consumption 
and economic growth have been studied based on Data Envelopment Analysis (DEA) method [4]-[7].  
According to above articles, it is concluded that most previous researches were made from a macro 
perspective, which mainly focused on the relationship between electricity consumption and economic 
variables in the whole country, rather than studying the inter-local efficiency differences. And concerning 
the methodology, quantitative analysis is barely seen in those researches. The creativities of this article 
are as follows: 1)TFP electricity consumption efficiency is calculated based on DEA model and on the 
panel data by province from 2001 to 2007(GDP, Capital deposit, labor and electricity consumption); 2) 29 
provinces are divided into four districts: the east, the northeast, the middle and the west, so as to come up 
with a comparison of electricity consumption efficiency among different areas; 3) a model concerning the 
factors which contribute to the difference of electricity consumption efficiency is built and is tested by 
provincial panel data. 
2. Research and Data Processing Method 
2.1. DEA method 
DEA measures the relative efficiencies of organizations with multiple inputs and multiple outputs. The 
organizations are called the decision-making units, or DMUs. The comparative efficiency of each DMU 
is defined as DEA efficiency. Basic DEA models include two kinds: input-oriented and output-oriented, 
of which an input-oriented CCR model has been applied in this article. It is assumed that there are n 
DMUs to be evaluated. DMUj consumes amount ijx  of input i and produces amount rjy  of output r . The 
model to evaluate the operational efficiency of CCR is as follows [8]: 
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where ε  is a non-Archimedean element smaller than any positive real number; is− and rs+ are Slack 
variables . Theorem Suppose the best solutions of CCR model are 
0λ , 0S − , 0S + , 0θ , then: 
a) DMUj is efficient if and only if 0θ =1 and 0S − =0 and 0S + =0 for all i  and r . 
b) DMUj  is weakly efficient if 0θ =1 and 0 0S − ≠ and (or) 0 0S + ≠  for if some i  and r  in some 
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alternate optima. 
c) DMUj  is  inefficient if 0 1θ < . 
DEA efficient represents highest DMUj operational efficiency, which means the input cannot be 
reduced in order to achieve the given output level; DEA inefficient means input is over-abundant. 
2.2. Electricity consumption efficiency 
It is assumed that TFP and technical efficiency are under optimization circumstance. When electricity 
consumption is considered as a factor of production, the target of each district is to maximize its output 
and minimize its electricity consumption. The TFP electricity consumption efficiency index of a certain 
district ( EOE ) is defined as the ratio of the target electricity consumption ( arg ,t et iE ) to the actual 
electricity consumption(  actual iE ， ) of this district: 
arg ,
,
t et i
actual i
E
EOE
E
=                                               (2) 
It measures the maximum level of actual output or minimum level of actual input when electricity 
consumption is fixed. The scale of EOE  is mostly lies between 0 and 1 as target electricity consumption 
is always less than or equal to actual consumption. The bigger the EOE  is, the more efficient the 
electricity consumption is; vice versa.  
2.3. The source of index and data 
The electricity consumption efficiency was calculated based on yearly panel data of 29 provinces from 
2001 to 2007(except Tibet, Taiwan, Hong Kong SAR and Macau SAR and for the purpose of conformity, 
Chongqing is combined with Sichuan Province as one province), and on electricity consumption (100 
million kWh), total number of employed persons   (10 000 persons), capital stock (100 million yuan) as 
input, and GDP (100 million yuan) as output.  
Electricity consumption: the electricity consumption data of each district was from [9]. 
Total number of employed persons: the total number of employed persons of each district was from [9]. 
And because the total number of employed persons of 2006 was missing, it is calculated through 
following formula: 
, , 1 1 , 1 1/ /city i i city i i city i iEMP EMP EMP EMP EMP EMP− − + += ∗ +（ ）      (3) 
where iEMP  represents the total number of employed persons of this district in year  i ; ,city iEMP  
represents urban employed persons of this district in year  i . 
GDP: the GDP and GDP deflator of each district were from [9], and the year 2000 was defined as the 
base year. (100 million yuan). 
Capital deposit: the data of capital deposit can’t be obtained directly from statistical yearbook, which 
was then deduced based on Perpetual Inventory Method [10]: 
( )( 1) 1    it i t it itK K Iδ−= − +                                        (4) 
where itK  represents the capital stock of district i  in year t ; ( 1)i tK −  represents the capital stock of 
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district i  in year 1t − ; itI  represents the investment of district i  in year t ; itδ  represents the 
depreciation of district i  in year t . The calculation was based on estimates of [11], and capital stock was 
calculated based on the price of base year of 2000. 
Samples: 29 provinces were divided into four districts: the east, the northeast, the middle and the west. 
The northeast includes Liaoning, Jilin and Heilongjiang Province; the east includes Beijing, Tianjin, 
Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong and Hainan Province; the middle 
includes Shanxi, Anhui, Jiangxi, Henan, Hubei and Hunan Province; the west includes Inner Mongolia, 
Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang 
Province. 
3. Calculation 
Table 1. Electricity consumption efficiency of different districts from 2001 to 2007 
District City 2001 2002 2003 2004 2005 2006 2007 Average 
 
 
 
 
East 
Beijing 0.986 0.976 1.000 1.000 1.000 1.000 1.000 0.995 
Tianjin 0.907 0.929 0.951 0.970 1.000 1.000 1.000 0.965 
Hebei 0.783 0.774 0.773 0.759 0.747 0.730 0.708 0.753 
Shanghai 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Jiangsu 0.958 0.961 0.956 0.938 0.907 0.890 0.889 0.928 
Zhejiang 0.917 0.908 0.906 0.931 0.893 0.869 0.860 0.898 
Fujian 1.000 1.000 1.000 1.000 0.975 0.967 0.953 0.985 
Shandong 0.922 0.934 0.972 0.981 0.978 0.952 0.938 0.954 
Guangdong 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Hainan 1.000 1.000 1.000 1.000 1.000 0.951 0.907 0.980 
 
Northeast 
Liaoning 0.916 0.898 0.899 0.908 0.916 0.925 0.932 0.913 
Jilin 0.869 0.894 0.912 0.928 0.973 0.996 1.000 0.939 
Heilongjiang 0.864 0.905 0.955 0.985 1.000 1.000 1.000 0.958 
 
 
Middle 
 
Shanxi 0.853 0.863 0.864 0.851 0.774 0.737 0.722 0.809 
Anhui 0.891 0.898 0.904 0.890 0.905 0.896 0.873 0.894 
Jiangxi 1.000 1.000 1.000 1.000 1.000 1.000 0.981 0.997 
Henan 0.863 0.843 0.830 0.831 0.833 0.834 0.809 0.835 
Hubei 1.000 0.981 0.954 0.946 0.936 0.937 0.937 0.956 
Hunan 0.976 0.970 0.958 0.946 0.964 0.961 0.948 0.960 
 
 
 
 
West 
 
Inner Mongolia 0.931 0.944 0.967 1.000 1.000 1.000 1.000 0.977 
Guangxi 0.892 0.882 0.860 0.862 0.865 0.860 0.843 0.866 
Sichuan 0.839 0.834 0.838 0.833 0.841 0.844 0.853 0.840 
Guizhou 0.659 0.646 0.619 0.592 0.562 0.542 0.536 0.594 
Yunnan 0.726 0.718 0.734 0.691 0.649 0.634 0.615 0.681 
Shaanxi 0.679 0.685 0.698 0.685 0.704 0.701 0.699 0.693 
Gansu 0.924 0.911 0.879 0.838 0.757 0.732 0.716 0.822 
Qinghai 0.539 0.539 0.525 0.508 0.479 0.468 0.446 0.501 
Ningxia 0.535 0.526 0.517 0.495 0.460 0.436 0.429 0.485 
Xinjiang 0.759 0.755 0.771 0.755 0.733 0.691 0.664 0.733 
 
 
Average 
East 0.947 0.948 0.956 0.958 0.950 0.936 0.926 0.946 
Northeast 0.883 0.899 0.922 0.940 0.963 0.974 0.977 0.937 
Middle 0.931 0.926 0.918 0.911 0.902 0.894 0.878 0.909 
West 0.728 0.722 0.716 0.695 0.672 0.656 0.645 0.719 
Whole country 0.869 0.868 0.870 0.866 0.857 0.847 0.836 0.859 
 
Table 2. District numbers with different efficiency 
District 2001 2002 2003 2004 2005 2006 2007
High efficiency  9 9 13 10 12 12 9
Middle efficiency  12 11 7 9 6 6 9
Low efficiency  8 9 9 10 11 11 11
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Input-oriented DEA analysis was made based on electricity consumption, labor employment number, 
capital deposit as input, and GDP as output and electricity consumption efficiency of different districts 
was calculated from 2001 to 2007 by software of DEAP2.1. The results are as Table 1. 
As in Table 1, from 2001 to 2007, electricity consumption efficiency of Shanghai and Guangdong are 
the highest, and of Beijing, Fujian, Hainan, Jiangxi and Inner Mongolia are also high; but the efficiency 
of Guizhou, Qinghai, Ningxia and Yunnan are very low. From geographic perspective, the efficiency of 
the east is the highest, and followed by the northeast, the middle and the west. The efficiency of the 
middle is lower than the east and the northeast, but still higher than average. The efficiency of the 
northeast increased year by year; the efficiency of the east increased first and then decreased in 2004. It is 
alarming to find that the efficiency of the middle and the west decreased year by year. From national 
perspective, the efficiency increased slightly from 2001 to 2003, and then decreased year by year which is 
seen as an inverted U curve (see Fig. 1). Except for cities like Beijing, Tianjin, Liaoning, Jilin, 
Heilongjiang and Inner Mongolia whose electricity consumption efficiency increased year by year, the 
efficiency of all the other cities decreased year by year. It is defined as high efficiency district with 
efficiency higher than 0.95, middle efficiency district with efficiency lies between 0.85 and 0.95 and low 
efficiency district with efficiency lower than 0.85. It is alarming to find that the number of low efficiency 
districts is rising. 
 
Fig. 1.  Electricity consumption efficiency trend 
4. Influencing Factors Econometrical Analysis 
4.1. Variables and data 
There has been significant difference of efficiency over different districts. What are the influencing 
factors that lead to all these discrepancies? 
The research in this article has been made from 5 different respects: degree of economic development, 
industrial structure, degree of economically opening, degree of science and technology development and 
influence of government. ,i tEOE  represents the electricity consumption efficiency of district t  in year i ; 
degree of economic development ( ,i tDEV ) is represented by the ratio of Gross Regional Product (GRP) to 
GDP per capita; industrial structure ( ,i tINDU ) is represented by the ratio of secondary industry GDP to 
GRP of this district; degree of economically opening ( ,i tOPEN ) is represented by the ratio of Total 
Imports  and Exports to GRP of this district; degree of science and technology development ( ,i tTECH ) is 
represented by the ratio of the government for science and technology development to government 
expenditure by region; influence of government ( ,i tGOV ) is represented by the ratio of government 
expenditure by region to GRP of this district. The panel data of 29 provinces comes from [9]. 
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4.2. Econometrics model 
A Variable-Intercept Model has been applied in this article: 
, 1 , 2 , 3 ,i t i i t i t i tEOE C DEV INDU OPENκ κ κ= + + + 4 , 5 , ,  i t i t i tTECH GOVκ κ μ+ + +                  
 
(5) 
where ,i tμ  represents stochastic error. And Generalized Least Squares has been applied in order to 
eliminate the effects of heteroscedasticity, and obtain the unbiased estimates.  
4.3. Econometrics results  
Table 3 shows the results of different districts based on generalized least square (GLS) method. As in 
Table 3: 
1) Degree of economic development has a positive impact on electricity consuming efficiency, 
especially for the west.  
2) From national perspective, if the secondary industry GDP rise by 1%, electricity consuming 
efficiency will decrease by 0.486%, which has been found in districts of the east, middle and the west. 
While in the northeast, secondary industry has a very positive impact on electricity consuming efficiency. 
Compared with other districts, secondary industry accounts for a larger part in its economy in the 
northeast which to a certain extent eliminates the impact of other industries.   
3) Concerning the whole country and the east, degree of its opening contributes positively to the 
electricity consuming efficiency. While for the west, the middle and the northeast, the case is completely 
different. There is higher degree of economically opening in the east, which allows local enterprises to 
approach advanced management methodology and thus promote the electricity consuming efficiency. For 
other districts, opening policy only widens the gap between itself and overseas-funded enterprises thus 
reduce the electricity consuming efficiency.    
4) It is surprisingly found that degree of science and technology development has a negative impact on 
the electricity consuming efficiency. But if you take into account the definition of ,i tTECH  which is 
represented by the ratio of the government for science and technology development to government 
expenditure by region, it is easily explained that in China most of the scientific theory hasn’t been 
converted into productivity. Therefore ,i tTECH   is not the perfect index to describe the impact of science 
and technology in a certain district. What’s worse, the index in all four districts failed the significance test 
of 15%, which explained again the negative relationship we got from the regression.   
5) It shows that influence of government increases by 1%, electricity consuming efficiency will reduce 
by 1.76% which means government has a negative impact on electricity consuming efficiency. However, 
in the northeast and west districts, government has a positive impact, given the polices of Western 
Development and supporting the revitalization of northeast old industrial base. 
Table 3. GLS results (2001~2007) 
Variable Whole country East Northeast Middle West 
DEV  0.0331+ 0.0118 0.197 0.083 0.251+ 
INDU  -0.486+ -0.465+ 0.343 -0.895+ -0.539++
OPEN  0.0537++ 0.101+ -0.208 -0.222 -0.596+
TECH  -1.445+++ -0.441 -2.063 -2.900 -4.970 
GOV  -1.76+ -0.993+ 2.232+ 0.156 -1.94+ 
Obs 203 70 21 42 70 
Adj.R2 0.656 0.428 0.245 0.437 0.667 
D.W 1.65 2.39 1.27 2.72 2.39 
PS:*,+,++,+++represent the variable pass Significance Testing of 1%,5%,10%,15% respectively. All calculation was done through 
eviews5.1. 
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5. Conclusion 
TFP electricity consumption efficiency is calculated in this article based on DEA method by panel data 
of 4 districts from 2001 to 2007, and related influencing factors were econometrically tested to explain 
the difference of electricity consuming efficiency of different districts. Conclusions of this article are as 
follows: 
1) Electricity consumption efficiency of Shanghai and Guangdong are the highest, but the efficiency of 
Guizhou, Qinghai, Ningxia and Yunnan are very low. From national perspective, the efficiency increased 
slightly from 2001 to 2003, and then decreased year by year, which looks like an inverted U curve.  
2) From geographic perspective, the efficiency of the east is the highest, and follows by the northeast, 
the middle and the west. The efficiency of the middle is lower than the east and the northeast, but still 
higher than average. 
3) A Variable-Intercept Model has been applied in this article. Then it is found that degree of economic 
development has a positive impact on electricity consumption efficiency; secondary industry has a very 
negative impact on electricity consumption efficiency, which in the northeast, where heavy industry 
accounts for a large part in its economy, has a positive impact; the degree of economically opening has 
dual influences on electricity consumption efficiency, which depends on its developing phase; degree of 
science and technology development has a slight impact; government has a negative impact on electricity 
consumption efficiency.   
To sum up, we need to promote advanced technology; accelerate the adjustment of industrial structure; 
develop low-energy-cost and low-polluting industry; strengthen the role which government plays in 
macroeconomic control and appropriately make the strategy on increasing electricity consumption 
efficiency based on local conditions. 
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